10/565394 

• MP15 Rec'd PCT/P73 23 JAN ZOOS 

Substitute Specification 
NS-US055263 
NM-03-03988 

ENGINE EXHAUST SYSTEM FOR A VEHICLE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This nonprovisional application claims priority under 35 U.S.C. §1 19(a) to 
Japanese Patent Application No. 2004-191152 filed in Japan on June 29, 2004, the entire 
contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention generally relates to an engine exhaust system for a vehicle. 
Background Information 

[0003] Conventionally, a flexible coupling such as a spherical joint used in an exhaust 
system of a vehicle performs a vibration damping function by preventing transmission of 
vibrations from the engine to the exhaust system or preventing vibrations caused by 
resonance in the exhaust system being transmitted to the engine. Accordingly, the 
spherical joint plays an important role in reducing vibrations transmitted to a vehicle body 
via the mounts of the exhaust system and the engine system. 

[0004] An engine exhaust system for a vehicle using a spherical joint has been applied 
to a front exhaust engine as shown in Figure 7 of the drawings hereof, an example being 
disclosed in Japanese Unexamined Patent Publication No. 2002-371841, and to a rear 
exhaust engine as shown in Figures 8 and 9 of the drawings hereof, an example being 
disclosed in Japanese Unexamined Patent Publication No. 10-196358. 
[0005] In the present specification, the terms 'front' and 'rear' and 'forward' and 
'rearward' relate to the forward direction of travel of a vehicle. For example 'front 
exhaust' and 'rear exhaust' refer to the position of the exhaust manifold with respect to a 
transversely-mounted engine. The invention is not, however, limited to use in transverse- 
engine vehicles. 

[0006] In the abovementioned conventional engine exhaust systems, it is necessary to 
arrange spherical joints in a particular way depending on their number, mounting location, 
and mounting angle. If vibrations of the exhaust system are to be absorbed effectively, the 
spherical joints must allow movement in the direction of the vibration. However, layout 
restrictions make it difficult to arrange the spherical joints in such a way that they can 
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effectively absorb the vibrations. Where the spherical joints cannot be mounted in ideal 
locations and orientations due to a layout restriction, it is difficult to obtain satisfactory 
vibration damping performance. 

SUMMARY OF THE INVENTION 
[0007] The present invention has been developed to solve the above-mentioned 
problems, and has an object to provide an engine exhaust system for a vehicle in which it 
is possible to obtain effective vibration damping performance even if there is a layout 
restriction. 

[0008] To achieve the abovementioned object, the present invention resides in an 
engine exhaust system for a vehicle, the system comprising at least two flexible couplings 
having elastic characteristics, positioned at two different locations in the exhaust system, 
and an intermediate component positioned between the at least two flexible couplings and 
having mass. The invention is characterised in that a dynamic damper is formed by virtue 
of the elastic characteristics and the mass. 

[0009] Thus, an engine exhaust system for a vehicle according to the present invention 
comprises a dynamic damper formed by flexible couplings having a modulus of elasticity 
positioned in at least two locations in an exhaust system with an intermediate exhaust 
system component between them, where the mass of the intermediate component is 
effectively supported only by the flexible couplings. 

[0010] According to the engine exhaust system of the present invention in which 
flexible couplings such as spherical joints are positioned in at least two places in an 
exhaust system and a dynamic damper is formed by an exhaust system component 
between the two flexible couplings as a mass body, it is possible to achieve necessary 
vibration damping performance even if there is a layout restriction in mounting the 
flexible couplings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[001 1] Preferred embodiments of an engine exhaust system for a vehicle according to 
the present invention will now be described, by way of example, with reference to the 
accompanying drawings in which: 
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[0012] Figure 1 is a schematic diagram showing a first preferred embodiment of an 
engine exhaust system; 

[0013] Figure 2 shows a model of the engine exhaust system for the vehicle in Figure 

l; 

[0014] Figure 3 is a graph showing mount vibration level against frequency for the 
engine exhaust system of Figure 1; 

[0015] Figures 4a to 4c are vibration frequency response graphs showing adjustment 
of the resonant frequency of the engine exhaust system of Figure 1; 

[0016] Figure 5 is a schematic diagram showing a second preferred embodiment of an 
engine exhaust system; 

[0017] Figure 6 is a schematic diagram showing a third preferred embodiment of an 
engine exhaust system; 

[0018] Figure 7 (prior art) is a schematic diagram showing an example of a 
conventional engine exhaust system; 

[0019] Figure 8 (prior art) is a schematic diagram showing another example of a 
conventional engine exhaust system; and 

[0020] Figure 9 (prior art) is a schematic diagram showing a further example of a 
conventional engine exhaust system. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0021] The conventional engine exhaust system shown in Figure 7 has two spherical 
joints, one forward, one rearward, positioned between a catalyst and a center muffler. The 
engine is a front exhaust engine in this instance. An exhaust pipe located between the 
spherical joints is supported by the vehicle body. As a result, the forward spherical joint 
nearest the engine absorbs vibrations of the exhaust system longitudinally with respect to 
the vehicle and the rearward spherical joint nearest the center muffler absorbs roll 
oscillations and vibrations of the engine in a vertical direction with respect to the vehicle. 
These various vibrations and oscillations are shown by the arrows in Figure 7. 
[0022] In another conventional engine exhaust system for a rear exhaust engine as 
shown in Figure 8, a forward spherical joint is positioned between the engine and the 
catalyst, a rearward spherical joint is positioned between the center muffler and the rear 
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muffler, and the vehicle body supports the center muffler. As a result, the forward 
spherical joint absorbs roll oscillations and vibrations of the engine in the vertical direction 
with respect to the vehicle and the rearward spherical joint absorbs vibrations of the 
exhaust system in the longitudinal direction with respect to the vehicle. Again, the various 
vibrations and oscillations are shown by the arrows in Figure 8. 

[0023] Turning now to the present invention, Figure 1 shows an engine exhaust system 
for a vehicle in a first preferred embodiment of the invention. As shown, the exhaust 
system comprises a rear exhaust engine 1, front and rear catalysts 2 and 3 joined by a front 
pipe 1 1, a center muffler 4, a rear muffler 5, and mount members 10 for mounting the 
mufflers 4 and 5 to a vehicle body. The front and rear catalysts 2, 3 are rigidly fixed to 
either end of the front pipe 1 1 and are movable as a single or unitary body, which 
arrangement provides good efficiency as a dynamic damper. Due to the weight of the 
center muffler 4 and the rear muffler 5, these parts of the exhaust system are supported 
from the vehicle body via the mount members 10. 

[0024] In the present preferred embodiment, forward and rearward spherical joints 6 
and 7, which are flexible couplings, are positioned respectively ahead of front catalyst 2, 
that is, forwardly with respect to the normal direction of travel of the vehicle and behind 
rear catalyst 3, that is, rearwardly with respect to the direction of travel. Each of the 
spherical joints 6, 7 includes an elastic body to absorb vibrations. 

[0025] Exhaust system components located downstream from the rearward spherical 
joint 7 with respect to the generally rearward flow direction of exhaust gases are supported 
by the vehicle body via the mount members 10. Conversely, exhaust system components 
located between the two spherical joints 6 and 7 are not supported by the vehicle body. 
Consequently, the spherical joints 6 and 7 and the exhaust system components between the 
spherical joints 6 and 7, in this case the front and rear catalysts 2 and 3 and the pipe 11, 
form a dynamic damper. 

[0026] In the first preferred embodiment, as shown by the arrows in Figure 1, the 
forward spherical joint 6 absorbs roll oscillations of the engine 1 and longitudinal 
vibrations of the exhaust system with respect to the vehicle, and the rearward spherical 
joint absorbs vertical vibrations of the engine 1 with respect to the vehicle. 
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[0027] Figure 2 shows a vibration system model of the engine exhaust system in the 
first preferred embodiment, hence comprising the two spherical joints 6 and 7 and the 
exhaust system components therebetween. Assuming here that the mass of the front 
catalyst 2 is ml, the mass of the rear catalyst 3 is m2, the mass of the tube 1 1 between 
those two catalysts 2 and 3 is m3, the modulus of elasticity of the forward spherical joint 6 
is kl, and the modulus of elasticity of the rearward spherical joint 7 is k2, the mass M of 
the dynamic damper formed between the forward spherical joint 6 and the rearward 
spherical joint 7, is expressed by: 

M = (ml+m2+ m3) 
[0028] and its modulus of elasticity K is expressed by: 

K = (kl + k2) 

[0029] The resonant frequency f of the dynamic damper is expressed by the following 
equation: 

f = 1/2ti (K/M) 1/2 

[0030] Figure 3 compares the mount vibration level of the engine exhaust system in 
accordance with the first preferred embodiment (A in the figure) and the mount vibration 
level of an engine exhaust system for a vehicle according to the conventional technology 
shown in Figure 9 (B in the figure) corresponding to JP 10-196358. As seen from Figure 
3, the mount vibration level of the conventional engine exhaust system exceeds a target 
value at a low engine speed range, i.e. in a low-frequency region such as when the engine 
is idling, whereas the mount vibration level of the engine exhaust system embodiment of 
Figure 1 is below the target value, achieving a favourable vibration reducing effect. 
[0031] The graphs in Figures 4a to 4c show how the resonant frequency of the 
dynamic damper can be adjusted so as efficiently to reduce vibrations at a particular 
frequency. Altering the modulus of elasticity K of the dynamic damper or increasing or 
decreasing the overall mass of the intermediate exhaust system components between the 
spherical joints 6 and 7 both have the effect of adjusting the resonant frequency. 
[0032] In many cases, engine vibration is the main or only cause of vibration of the 
exhaust system. Since engine vibration frequency is usually found to be in the range of 
approximately 20 - 30Hz, the elastic characteristics of the dynamic damper and/or the 
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mass of the intermediate exhaust components may be selected to ensure that the resonant 
frequency of the dynamic damper is less than this range. Thus, in the preferred 
embodiment, kl, k2 and/or M are selected so that the resonant frequency of the dynamic 
damper formed by the flexible couplings 6, 7 and the intermediate components 2, 3 and 1 1 
is less than approximately 20 - 30Hz. 

[0033] For example, when the modulus of elasticity K of the dynamic damper is 
increased, i.e. the rigidity of the spherical joints is enhanced relative to the system whose 
vibration characteristics are shown in Figure 4a, the resonant frequency increases as 
shown by the arrow in Figure 4b. On the contrary, when the modulus of elasticity K of the 
dynamic damper is decreased, i.e. the rigidity of the spherical joints is reduced, the 
resonant frequency decreases. Also, when the mass M of the dynamic damper is increased, 
i.e. the weight of the intermediate components is increased, the resonant frequency 
decreases as shown in Figure 4c. On the contrary, the resonant frequency increases when 
the mass M of the dynamic damper is decreased, i.e. the weight of the exhaust system 
components is reduced. So, the engine exhaust system of the invention can easily achieve 
a vibration reducing effect with respect to a desired frequency, and has the advantage of 
being able to achieve a vibration reducing effect even if there is a restriction on the layout 
of the spherical joints. 

[0034] An engine exhaust system according to the present invention is not limited to 
the above-mentioned first preferred embodiment but is applicable to any form of engine 
exhaust. For example, Figure 5 shows a second preferred embodiment of the present 
invention in which an engine exhaust system is applied to a rear exhaust engine as in the 
first preferred embodiment but in this instance the forward spherical joint 6 is disposed 
behind the rear catalyst 3 and the rearward spherical joint 7 is disposed behind the center 
muffler 4. Sections of the exhaust system upstream and downstream of the respective 
spherical joints 6 and 7 are supported by and connected to the vehicle body via mount 
members 10, whereas the center muffler 4 is not mounted to the vehicle body. As no part 
of the center muffler is directly connected to the vehicle body; so, like the intermediate 
components of the first embodiment, the center muffler is only supported by the spherical 
joints 6 and 7. Hence, a dynamic damper is formed between the forward spherical joint 6 
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and the rearward spherical joint 7. In this case, the major mass body of the dynamic 
damper is the center muffler 4. 

[0035] In a further example, Figure 6 shows a third preferred embodiment of the 
invention in which an engine exhaust system for a vehicle is applied to a front exhaust 
engine. Here, the forward spherical joint 6 is positioned between the front catalyst 2 and 
the rear catalyst 3 and the rearward spherical joint 7 is positioned between the rear catalyst 
3 and the center muffler 4. No part of the rear catalyst 3 is supported by or directly 
connected to the vehicle body, so a dynamic damper is formed between the forward 
spherical joint 6 and the rearward spherical joint 7. In this case, the major mass body of 
the dynamic damper is the rear catalyst 3. 

[0036] An engine exhaust system for a vehicle according to the present invention is 
provided with flexible couplings formed, for example, from spherical joints positioned in 
at least two locations in the exhaust system such that at least one exhaust system 
component, for example the front and rear catalysts, is suspended between the two 
spherical joints, unsupported by the vehicle body to form a dynamic damper. The 
vibration reducing effect of this dynamic damper can be adjusted by adjusting the resonant 
frequency of the exhaust system, which can be adjusted by altering the modulus of 
elasticity of the dynamic damper, i.e. the modulus of elasticity of the spherical joints, 
and/or the mass of the dynamic damper. Alteration of mass can be achieved by changing 
the mass of the components that form the dynamic damper or by altering the configuration 
or number of the components that are used to form the dynamic damper. For example, in 
the first preferred embodiment the dynamic damper is defined by the forward and 
rearward spherical joints, the front and rear catalysts and the front pipe. Conversely, in the 
second embodiment the dynamic damper is defined by the forward and rearward spherical 
joints, the center muffler and the associated pipes. These are examples of how the mass of 
the dynamic damper can be altered by changing the configuration or number of the 
components in various ways. 



